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Introduction
Several structural types of herbicides such as di phenyl ethers, cyclic imides and pyrazole com pounds are effective only in the light but they do not inhibit the photosynthetic system directly. Such types of herbicides have been classified as "lightdependent herbicides (LDHs)" (Fig. 1) . These her bicides are also called peroxidizing or photobleaching herbicides. Recently, the target site of LD H s has become clear. The LD H s inhibit p ro to porphyrinogen oxidase (protox), which is a key en zyme in the chlorophyll biosynthesis pathway. As a result, the intermediate protoporphyrin IX accu m ulates in plant cells, which is harmful in the light [1] . Structurally diverse LDHs bind to protox in a competitive m anner [2] . Therefore LDHs may share a certain common structural feature, which is responsible for the common mode o f action. Al though any direct measurement for drug-receptor interaction such as X-ray crystallographic analysis is not yet available, the techniques of com puta tional chemistry will be helpful to understand the com m onality of structurally diverse com pounds [3] . In this study we investigated common structur al feature o f LD H s by the use o f com putational chemistry. R eprint requests to T. Akagi.
1) Oxyfluorfen
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Methods

Three-dimensional structures o f herbicides
Chemical structures of 143 herbicidal com pounds whose m ode of actions were known were taken from several references. These structures were drawn on a graphical display and initial three-dimensional structures were generated by the algorithm of distance geometry [4] . All o f these operations were done by our self-made molecular modelling system (Psyche-3 D). The initial threedimensional structures were then optimized by semiempirical molecular orbital calculation AM 1 [5] , All internal coordinates of molecules were op timized during energy minimizations. Program package M OPAC ver. 6 (QCPE # 455) was used in this operation.
M olecular properties
The levels of frontier orbitals (HO M O and LUM O) were calculated by AM 1. Hydrophobicities (log P) o f com pounds were estimated using atomic param eters [6] ,
M olecular superposition
The similarity between molecular fields of two molecules was estimated using the following equa tion:
In above equation, £(a, P, x, y, z) means the interaction energy between a molecular "a " in a certain place and a probe atom "P" at a coordinate (x, y, z). E (a, P, x, y, z) is called the molecular field o f "a " and is calculated by Tripos force field [7] . The integration was made for the space outside of the van der Waals surfaces of molecules. Since non-bonding interaction decays quickly when the probing point depart from van der W aals surface, integration within 3 Ä from the surfaces is enough to account for molecular field similarity (Fig. 2) . The summation for P was taken for positively charged hydrogen (H +015) and negatively charged oxygen (O -0 3). This sum m ation may account for both of hydrogen accepting and donating field of the molecules. If "a " and "b " attract P at the same (x, y, z), both of E(a, P, x, y, z) and £(b, P, x, y, z) become negative and their product becomes posi tive. Inversely, if "a" and "b " repulse P, both m o lecular fields become positive and their product becomes positive too. Therefore the more similar the molecular fields are, the larger Sab becomes. The best fitting of molecules was achieved by translating and rotating molecule "a " relative to "b" to maximize Sab. 
Results and Discussion
To com pare molecular properties in several dif ferent types o f herbicides, HOM O and LUM O lev els as well as hydrophobicities were calculated for 143 herbicidal com pounds, which contain 32 LDHs, 18 acetolactate synthase (ALS) inhibi tors, 54 photosynthetic system II inhibitors, 10 fatty acid synthesis inhibitors, 4 gibberellin syn thesis inhibitors, 18 auxin agonists, 5 auxin antag onists and 2 cytokinin agonists. The chemical structures o f the above compounds, reported in several references, were stored in our self-made data base. Average and standard deviation of H OM O, LU M O and log P values for each group of herbicides are summarized in Table I alkoxy or oxime group at this position. In contrast to chlorophthalim, the LUM O of the pyrazole com pound # 3 is not located at the nitrogen-containing ring but at the phenyl ring. Therefore it is plausible that substitution at m eta position with a large group had never resulted in active com pounds. These explanations can be applied only if the L-rings correspond to each other.
Overall molecular similarity was investigated by molecular field fitting. In this technique, non bonding interaction between a molecule and a probe atom located at a certain place is calculated theoretically. Scanning the position o f the probe atom , a "molecular field" of that molecule is ob tained, which virtually represents a negative image o f the molecule. Similarity between two molecular fields is estimated by the similarity index Sab as published by Carbo [8] . By means of maximizing Sab, the best fitting in terms o f m olecular field is achieved. Oxyfluorfen and chlorophthalim were superimposed in several orientations. Then Sab was maximized. The best fitting is shown in Fig. 5 . This result supported the hypothesis given above. LUM Os o f both compounds occupied alm ost same place (LUM O) and so did the m eta position of the other ring.
The role o f LUM O in drug action is not clear yet. Generally, LUM O can participate in red-ox reactions, charge-transfer interaction or electro static interaction with the receptor. O f these possi bilities, the first can be discarded because LDHs inhibit protox in a competitive manner and will bind to protox weakly. Therefore the second and third type o f interaction is feasible. Theoretical studies on m olecular interactions proved that charge transfer and electrostatic interactions often work simultaneously [9] . Accordingly, we can sug gest that mixed charge transfer and electrostatic interactions act in drug receptor binding. Anyway, since protox is a red-ox enzyme, it is likely that this enzyme has electrically polar functional groups near the reaction site and that LDHs bind to them by electrical force.
The present work suggests that LUMO and sev eral sterical features are common in LDHs. Over all m olecular field was similar when these features corresponded. These features may be responsible for the identical drug action of protox inhibition (Fig. 6) . 
